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[57] ABSTRACT

A waveform shaping circuit which includes a voltage
comparator having one input which is supplied with a
reference voltage whose amplitude is determined by
two voltage dividing resistors which are serially inter-
connected across a source voltage and having its other
input supplied with a voltage across a capacitor which
1s charged with the source voltage in the absence of a
square input puise and which is discharged in the pres-
ence of the input pulse. In order to vary the reference
voltage in the presence of the input pulse, a resistor and
an NPN common emitter transistor are connected

56} | References Cited across that voltage dividing resistor whu::h 1s leect]y
connected to ground and the input pulse is supplied to
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1
WAVEFORM SHAPING CIRCUIT

BACKGROUND OF THE INVENTION

This invention relates to a waveform shaping circuits
used in the pulse generator circuit provided in all the
fields of television transmitters and receivers, other
video equipment, sequence controllers, etc.

A conventional waveform shaping circuit of the type
referred to has comprised a voltage comparator having
a negative input which is supplied with a reference
voltage developed at a junction of two voltage dividing
resistors which are serially connected across a source
voltage and having a positive input which connected to
capacitor which 1s charged by the source voltage
through a charging resistor. The capacitor is connected
via a discharging resistor to a collector electrode of an
NPN type common emitter transistor having a base
electrode which is connected to an input terminal
through a base resistor.

A train of square input pulses is supphed to the input
terminal so as to repeat the turn-on and -off of the tran-
sistor in an alternating manner. During the turn-off of
the transistor, the capacitor is exponentially charged by
the source voltage until one of the input pulses is sup-
plied to the transistor so to turn the transistor on,
thereby initiating the discharge of the capacitor. During
the turn-on of the transistor, the voltage on the capaci-
tor 1s exponentially discharged until that input pulse
terminates so as to turn off the transistor. The voltage
on the capacitor thus charged and discharged is sup-
plied to a voltage comparator where it is compared
with the reference voltage. The voltage comparator is
responsive to a voltage on the capacitor which is equal
to the reference voltage so as to produce a rising edge of
a square output pulse at the output thereof and is also

responsive to a voltage on the capacitor which is equal

- to the reference voltage so as to produce a falling edge
of the square output pulse at the output thereof. Thus,
the voltage comparator produces a square output pulse
having a pulse width corresponding to a time interval
for which the voltage on the capacitor is not less than
the reference voltage.

The process as described above is repeated with each
of the successive input pulses thereby resulting in a train
of square output pulses.

Each of the square output pulses thus produced has
rising and falling edges which are bilaterally unsymmet-
rical with respect to a time point where the rising edge
of the square input pulse is developed. This is true in the
case where the square output pulses are produced about
the falling edges of the input pulses. In the conventional
waveform shaping circuit, a time interval between the
‘Tising edge of the output pulse and the rising or falling
edge of the input pulse is generally longer than that
between the rising or falling edge of the input pulse and
the falling edge of the output pulse.

Therefore, conventional waveform shaping circuits
such as described above have been disadvantageous in
that the square output pulse cannot be produced at the
desired timing.

It has been p0551ble to eliminate the disadvantage as
described above by using a constant current circuit with
each of the charging and discharging circuits for the
capacitor. However, this measure has increased a
change in the pulse width of the output pulse relatwe to
a variation in source voltage.

5.

10 .

15

20

25

30

35

40

43

50

55

60

65

2

Accordingly, it is an object of the present invention
to provide a new and improved waveform shaping
circuit for producing an output square pulse having a
pulse width on each side of a rising or a falling edge of
a square mput pulse which is capable of being selected
at will and 1s free from any change relative to a varia-
tion in the source voltage.

SUMMARY OF THE INVENTION

The present invention provides a waveform shaping
circuit comprising a voltage comparator having a pair
of inputs, one of the inputs being supplied with a refer-
ence voltage, the other of the inputs being supplied with
a voltage across a capacitor which is charged in the
absence of a.square input pulse and which is discharged
in the presence of the square input pulse so as to thereby
produce a square output pulse from the voltage compar-
ator, and further comprising a means which is respon-
sive to the square mput pulse to vary the reference
voltage. :

In the preferred embodlment of the present invention,
sald means for varying the reference voltage includes a
resistor which is connected to the junction of two volt-
age dividing resistors which are serially interconnected
across a source voltage so as to determine the reference
voltage, and includes a transistor having an emitter
electrode which is connected to ground, a collector
electrode which is connected to the firstmentioned
resistor and a base electrode which is supplied with the
square input pulse. *

BRIEF DESCRIPTION OF THE DRAWING

The present invention will become more readily ap-
parent from the following detailed description taken in
conjunction with the accompanying drawing in which:

FIG. 1 1s a circutt diagram of one embodiment ac-
cording to the waveform shaping circuit of the present
invention; |

FIG.21sa graph lliustratmg waveforms developed at
various points 1n the arrangement shown in FIG. 1; and

FIG. 3 1s a circuit diagram useful in explaining the
fact that a square output pulse from the arrangement
shown 1n FIG. 1 is not affected by a variation in the
source voltage.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to FIG. 1 of the drawings, there is
illustrated one embodiment according to the waveform
shaping circuit of the present invention. The illustrated
arrangement comprises a voltage comparator 10 having
a negative input which i1s connected to the junction of
two voltage dividing resistors 12 and 14 which are
serially interconnected between a source terminal 16
and ground and having a positive input which is con-
nected to the junction of a capacitor 18 and a charging
resistor 20 which 1s serially interconnected between the
source terminal 16 and ground, and which is also con-
nected to a discharging resistor 24 which has one end
connected to the junction of the capacitor 18 and the
resistor 20. The discharging resistor 22 has its other end
connected to a collector electrode of an NPN type
common emitter transistor 24 having a base electrode
which 1s connected via a base resistor 26 to an input
terminal 28. The output of the voltage comparator 10 is
connected to an output terminal 30 and the comparator
is also connected between the source terminal 16 and

ground.
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The junction of the serially connected resistors 1
and 14 has developed thereat a reference voltage Vgfor
the voltage comparator 10. The charging resistor 20
along with the capacitor 18 determines a charging time
constant upon the charging of the capacitor 18 while
the discharging resistor 22 along with the capacitor 18
determines a discharging time constant upon the dis-
charging of the capacitor 18.

That portion of the arrangement described above is of
the conventional structure.

According to the present invention, another voltage
dividing resistor 32 is serially connected to a collector
electrode of another NPN type common emitter transis-
tor 34 which i1s connected across the voltage dividing
resistor 14 and ground, and the transistor 34 has its base
electrode connected to the input terminal 28 through
another base resistor 36.

The operation of the arrangement shown in FIG. 1
will now be described in conjunction with FIG. 2
wherein there are illustrated waveforms developed at

various points in the arrangement. When a train of-

square input pulses as shown at waveform (a) m FIG. 2
is supplied to the input terminal 28, the transistors 24
and 34 are repeatedly turned on and off in an alternating
manner. During the turn-off of the transistor 34, the
capacitor 18 is exponentially charged by the source
voltage through the source terminal 16 and during the
turn-off of the transistor 34, the negative input of the
voltage comparator 10 is supplied with the reference
voltage V gat its high level V gy, FIG. 2) as determined
by the voltage dividing resistors 12 and 14 because the
resistor 32 is not actually connected across the resistor
14. One of the square input pulses is respectively sup-
plied to the transistors 24 and 34 through the base resis-

tors 26 and 36.
Therefore, the transistor 24 is turned on to initiate the

discharging of the capacitor 18. This discharge of the
capacitor 18 continues during the turn-on of the transis-
tor 24 or for a pulse width equal to that of the square
pulse. The transistor 34 1s also simultaneously turned on
sO as to connect the resistor 32 across the resistor 14 so
as. to decrease the reference voltage V p supplied to the
voltage comparator 10 to its low level Vg (see wave-
form (b) labelled Vpz, FIG. 2). :

A voltage V4 across the capacitor 18 thus charged
and discharged as shown at waveform (b) labelled V 41n
FIG. 2 is supplied to the positive input of the voltage
comparator 10 where it is compared with the reference
voltage Vp which is supplied to the negative input
thereof. The voltage comparator 10 responds to a volt-

age across the capacitor 18 which is equal to the refer-

ence voltage V pat its high level V ggso as to initiate the
generation of a square output pulse at the output thereof
and therefore at the output terminal 30 and also re-
sponds to a voltage across the capacitor 18 which is
equal to the voltage Vp at the low level Vpgr so as to
terminate the square output pulse as shown at wave-
form (c) in FIG. 2.

The process as described above is repeated with each
of the succeeding square input pulses so as to generate a
train of square output pulses as shown at waveform (c)
in FIG. 2.

In the illustrated example the square output pulse has
a pulse width corresponding to a time interval which is
equal to the sum of a time interval 71 between a time
point where the charged voltage across the capacitor 18
is equal to the reference voltage Vp and a time point

where the square input pulse is initiated, that is, 1ts rising
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edge is developed at the input terminal 28 and a time
interval 72 between the time point where the rising edge
of the square input pulse is developed at the input termi-
nal 28 and a time point where the discharged voltage
across the capacitor 18 is equal to the reference voltage
V g at the low level Vg;. In this case, the time interval
75 is longer than the time interval 7.

Assuming that the resistors 12, 14 and 32 respectively
have magnitudes of resistance R13, Ri4and R33, then the
square output pulse may be generated so as to have the
time interval 71 shorter than, equal to or longer than the
time interval 7 by properly selecting the magnitudes of
resistances Ri2, R4 and R3».

More specifically, assuming that the source voltage
has a magnitude V., the reference voltage Vg is selec-
tively set at its high and low levels Vg and V gy, which
are respectively expressed by:

R4 (R32//R14)

' VR e m——n
12 + Ryg Vecand Vg (R32//R14) + R12 ¢

VB = R

where R32//R 14 designates the magnitude of a parallel
combination of the resistances R14and R3;. By properly
selecting the magnitudes of resistance of the resistors 12,
14 and 32, so as to decrease the high level Vg of the
reference voltage Vp, the time interval 71 becomes
longer while by increasing the high level V gy, the time
interval 71 becomes shorter. The time interval 72 can
also be longer or shorter by respectively decreasing or
increasing the low level Vpy.

From the foregoing it is seen that the magnitude of
the time interval 71 relative to the time interval 73 can be
selected at will. .

In the arrangement of FIG. 2 with the components

32, 34 and 36 omitted, or the conventional waveform
shaping circuit, however, the time interval 72 1s rela-
tively short because the square output pulse terminates

when the discharged voltage across the capacitor 18 is
equal to the reference voltage Vpat the high level Vg
as will readily be understood from waveform (b) la-
belled V gy as shown in FIG. 2. Thus, the square output
pulse has rising and falling edges which are bilaterally
unsymmetrical with respect to the time point where the
rising edge of the square input pulse is developed or
where the falling edge thereof is developed, or where
the output pulse is generated about the falling edge of
the input pulse with the input terminals to the voltage
comparator reversed in polarity from those illustrated.
Accordingly, the conventional circuit has been disad-
vantageous in that the square output pulse cannot be
generated at the desired timing.

In order to select the time intervals 71 and 72 at will,
it has been already proposed to use a constant current
circuit with each of the charging and discharging cir-
cuits for the capacitor. This measure has resulted in a
great change in the pulse width of the output pulse
relative to a variation in the source voltage.

However, the arrangement of FIG. 1 can generate a
square output pulse having a pulse width which 1s not
affected by a variation in the source voltage supplied to
the source terminal 16 which will now be described in
conjunction with FIG. 3, wherein there is illustrated
that portion of the arrangement as shown in FIG. 1
principally serving to charge the capacitor 18 along
with the voltage comparator 10. In the illustrated ar-
rangement, the source voltage V.is supplied across the
voltage comparator 10, a series combination of resis-
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tances Ry and Ri4 respectively corresponding to the
resistors 12 and 14, and a series combination of a resis-
tance R and a capacitance C respectively corresponding
to the charging resistor 20 and the capacitor 18 with a
switch S connected across the capacitance C. 5

Assuming that the switch S is opened at the time
point t=0, the voltage V4 on the capacitance may be
expressed by:

10.
. {
VA - Vcc (1 — £ )
Since the output pulse is initiated at the time point
where the charged voltage V 4 across the capacitance C 15
s equal to the reference voltage V p as determined by a
ratio R14/(Ri2+4R14),
( ot ) Rus 20
Vee\l — ¢ H_C =Vﬂzmvm
Thus, that time point t may be expressed by:
| 23

; — RC]._.__{EL_
T Rz + Ria

The above expression describes that the time point t is
determined independently of the source voltage be- 3
cause the source voltage V. disappears from the above
expression for t.

Also, from the expression defining the discharge of
the capacitance and the expression determining the
reference voltage V pr, it 1s seen that a time point where 35
the discharged voltage across the capacitance C is equal

to the reference low level Vg 1s independent of the
source voltage V..

Therefore, the output pulse has its pulse width as
determined by the associated resistances independently 4,
of the source voltage.
- It 1s noted that the conventional waveform shaping
circuit as described above delivers a square output pulse
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having a pulse width which is independent of the source
voltage.

From the foregoing it is seen that the present inven-
tion provides a waveform shaping circuit including
means for varying a reference voltage supplied to a
voltage comparator in response to a square input pulse.
Therefore, the resulting square output pulse has a pulse
width capable of being set at will. In other words, the

output pulse has bilateral pulse width portions which
are settable at will with respect to a time point where a
rising edge of the input pulse is developed. Also, the
output pulse has its pulse width stable with respect to a
variation in the source voltage. |

While the present invention has been illustrated and
described in conjunction with a single preferred em-
bodiment thereof, it is to be understood that numerous
changes and modifications may be resorted to without
departing from the spirit and scope of the present inven-
tion.

What is claimed is:

1. A waveform shaping circuit comprising a voltage
comparator having a pair of inputs, one of said inputs
being supplied with a reference voltage, the other of
said inputs being supplied with a voltage across a capac-
itor which is charged in the absence of a square input
pulse and which 1s discharged in the presence of said
square 1nput pulse so as to thereby produce a square
output pulse from said voltage comparator, and further
comprising a means which is responsive to said square
input pulse to vary said reference voltage.

2. A wavetorm shaping circuit as claimed in claim 1,
wherein sald means for varying said reference voltage
includes a resistor which is connected to the junction of
two voltage dividing resistors which are serially inter-
connected across a source voltage so as to determine
said reference voltage, and further includes a transistor
having an emitter electrode which i1s connected to
ground, a collector electrode which is connected to the
first-mentioned resistor and a base electrode which is

supplied with said square input pulse.
* ok ok k%
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